ABSTRACT
INTRODUCTION
he collapse of the US housing market and the bursting of the US mortgage bubble in the summer of 2007 triggered a global financial crisis. In the early stages of the crisis, financial reforms in emerging markets made it possible to temporarily insulate themselves from adverse shocks originating from the US until the summer of 2008. However, many financial institutions (e.g., Bear Stearns, Lehman Brothers, and American International Group) rapidly lost most of their market values because of a huge increase in the mortgages delinquencies and foreclosures in the US.
The Latin American equity markets have become attractive to international investors given that they have high prospects for economic growth. The issue of equity market co-movements in Latin America has been examined by many studies. Calvo and Reinhart (1996) enriched the set of theoretical sources of contagion. They have examined "spillover" or "contagion" effect in light of the Mexican crisis in December 1994. Edward and Susmel (2001) considered the systematic changes by employing the switching ARCH model. They found that many Latin American equity markets were significantly correlated which proved the existence of the contagion effect during the times of high market volatility.
Dufrenot, Mignon, and Peguin-Feissolle (2011) examined the link between the volatility of the five Latin American stock markets and the US subprime crisis by using daily data from 2004 to mid 2009 employing Markovswitching model. They found that the subprime crisis was transmitted to the Latin American stock markets' volatility. Mexico is the most vulnerable to the US financial crisis because of the closer links with the US financial markets. Samarakoon (2011) Naoui, Liouane, and Brahim (2010) investigated the contagious effect of the 2007 subprime crisis in six developed and ten developing markets by using daily stock returns from January 2006 to February 2010. They showed that all three countries (Brazil, Mexico, and Argentina) had high conditional correlation with the US market during the crisis by estimating the dynamic conditional correlation model. Turgutlu and Ucer (2010) reported that most of the emerging markets had a significant dependence with the US stock markets and international stock markets are significantly interdependent, which leaves a smaller chance to benefit from international portfolio diversification. Gklezakou and Mylonakis (2010) examined ten global stock markets to figure out the effect of economic crisis on the stock markets. They showed the empirical findings that the recent economic crisis increased their correlation, thus tightening the existing links.
Arouri, Bellalah, and Nguyen (2010) showed that the inter-market co-movements were significantly higher during the crisis period than during the tranquil period by using monthly data from January 1985 to August 2005 based on the estimation from the DCC-GARCH model. They also showed that there were still large rooms for international diversification. Other several studies (Chen et al., 2002; Pagan & Soydemir, 2000; Christofi & Pericli, 1999) showed statistically significant linkages between Latin American stock markets and the US market.
The objective of this study is to investigate the transmission of the US financial crisis to financial markets in Argentina, Brazil, Chile, and Mexico, analyzing before and during the 2008 financial crisis period. This study covers the most recent period of January 2006 to March 2009 using daily data. In particular, this study examines whether the cross-market linkages between these markets change due to the crisis by dividing the studying periods into the pre-crisis period and during the 2008 financial crisis period. This paper employs Vector auto-regression (VAR) model, impulse response functions (IRFs), and variance decompositions (VDCs) to answer the questions.
The remainder of this paper is organized as follows. The next section discusses the data and describes methodologies and empirical findings. Conclusions and suggestions for further research are given in the final section.
METHODOLOGY AND EMPIRICAL RESULTS

The Data
This study uses daily closing observations from Yahoo Finance stock market index data of five selected stock markets, namely Argentina, Brazil, Chile, Mexico, and the US covering the period from January 2006 to The missing data arising from holidays and special events are assumed to be the values of the previous day. The specific markets are Argentina (Merval), Brazil (Bovespa), Chile (Bolsa de Santiago), Mexico (Bolsa Mexicana de Valores), and US (S&P 500). Daily returns are obtained by taking the logarithmic difference of the daily stock index. That is, r t = (log P t -log P t-1 )*100.
Preliminary Test: Unit Roots
Prior to testing for vector auto-regression (VAR), we need to examine the time series properties of the variables. Variables should be stationary after differencing each time series the same number of times. Most financial variables have been found to be non-stationary in their levels and stationary in first differences.
In testing for stationarity, this paper implements the augmented Dickey-Fuller (ADF) test. To implement the ADF test, we estimate the regression,
Where  is the difference operator, X is the series being tested, k is the number of lagged differences, and  is an error term. If the t-statistics is less than the critical values, then the null hypothesis of a unit root ( = 0) cannot be rejected. However, if the t-ratio is larger than the critical value, the null hypothesis of non-stationarity can be rejected.
Vector Auto-Regression
VAR is useful for characterizing the dynamic relationships among the variables without imposing certain types of theoretical restrictions. The VAR treats all variables as jointly endogenous and imposes no prior restrictions on the structural relationships between variables being analyzed. Let X t be an (4  1) vector of I (1) variables,  represent the first-difference operator and assume this vector has a kth order vector autoregressive (VAR) representation with Gaussian errors  t :
where each of A i is (4  4) matrix of parameters.
The effects of the shocks on the variables are evaluated by computing variance decomposition (VDC) and impulse response functions (IRF). An impulse response function describes the response of an endogenous variable to one of the innovations. Specifically, it traces the effect on current and future values of the endogenous variable of one standard deviation shock to one of the innovations. Another way of characterizing the dynamic behavior of the model is through the variance decomposition. The variance decomposition of VAR gives information about the relative importance of the random innovations. This breaks down the variance of the forecast error for each variable into components that can be contributed to each of the endogenous variables.
Plotting the generalized impulse response function is a practical way to explore the response of a variable to a shock immediately or with various lags. Unlike the orthogonalized variance decomposition and impulse response functions obtained using the Cholesky factorization, the generalized variance decomposition and impulse response functions are unique and invariant to the ordering of the variables in the VAR. Table 1 presents the summary statistics of the stock returns. As expected, all the stock markets show positive average daily returns before the crisis while all the stock markets show negative average daily returns during the crisis. The Mexican market recorded the highest return at 0.12 percent, followed by Chile 0.12 percent, Brazil 0.11 percent, Argentina 0.07 percent, and US 0.03 percent in the pre-crisis period. During the crisis period, the Chilean market recorded the lowest loss at -0.05 percent, followed by Brazil -0.06 percent, Mexico -0.10 percent, US -0.14 percent, and Argentina -0.15 percent. 
Empirical Results
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All the stock markets showed more volatility during the crisis compared to before the crisis. The skewness and kurtosis measures imply that the rate of return is not likely drawn from a normal distribution. As reported in the table, the excess kurtosis signifies that the distribution has fat tails, and all markets show evidence of fat tails. I  II  III IV  I  II  III IV  I  II  III IV  I  2006  2007  2008 I  II  III IV  I  II  III IV  I  II  III IV  I  2006  2007  2008 II  III IV  I  II  III IV  I  II  III IV  I  2006  2007  2008  2009   CHILE   -8   -4   0   4   8   12   I  II  III IV  I  II  III IV  I  II  III IV  I  2006  2007  2008 
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The Clute Institute Table 2 reports the correlations of stock returns. All the stock markets show relatively higher degree of correlation between each other in the period during the crisis compared to the pre-crisis period. It suggests that the benefits of the diversification are limited within the advanced markets during the crisis. However, there may be the benefits of portfolio diversification between the US and Chile markets. Table 3 presents the ADF tests for all the stock markets indices in levels and first differences. It indicates that all indices are first-difference stationary. It means that all variables are non-stationary in levels. Then, we examine whether there exists long-run relationships among these stock markets. The critical values of the ADF test statistics with a constant are -3.44, -2.87, and -2.57 at the 1, 5, and the 10 percent, respectively. Lag length in parenthesis is selected such that the Ljung-Box Q-statistic fails to reject the null hypothesis of no serial correlation of the residuals. Table 4 summarizes the results of cointegration analysis. This paper uses the Johansen maximum likelihood approach employing both the maximum eigenvalue and trace statistics to test for cointegration. Both tests provide not to reject the null of zero cointegrating vectors at the 5 percent level. Having verified that the variables are not cointegrated, a VAR model in first differences can be applied. The likelihood ratio test is employed to determine the appropriate lag length of the model. Tables 5 and 6 present the results of variance decompositions in the pre and during-crisis periods over the 5-day horizons, respectively. The variations in the Brazilian market increased due to the US financial crisis from 55 percent (pre-crisis period) to 60 percent (during-crisis period) of the Brazilian stock market's forecast error variance. This implies that the benefits of investment diversification during the crisis period are limited because of the market integration between two markets. Likewise, the variations in the Mexican stock market due to the US shocks increased from 50 percent (pre-crisis period) to 70 percent (during-crisis period) of the Mexican market's forecast error variance. However, the variations in the Chilean stock market due to the US shocks increased from 25 percent (pre-crisis period) to 37 percent (during-crisis period) of the Chinese market's forecast error variance. Likewise, the variations in the Argentine stock market due to the US shocks increased from 43 percent (pre-crisis period) to 46 percent (during-crisis period) of the Argentine market's forecast error variance. This finding shows that Argentina and Chile are less likely hit by the 2008 financial crisis. The results here could be useful in international portfolio diversification decision-making in South American markets. An alternative way to obtain information regarding the relationships among the variables is through the generalized impulse response functions. In the pre-crisis period, Figure 3 shows the positive responses of the all stock markets to the shocks in the US market. The impacts reach their maximum at the one-day horizon and decline afterwards at the two-day horizon. During the crisis period, Figure 4 also presents the positive responses of these stock markets to the US shocks. The shock in the US market affect immediately and positively other stock markets, then gradually subside to zero within two or three days. Based on the results above, this study supports the view that the stock markets tend to be more integrated during the financial crisis period, resulting in lesser benefits of diversification among them. The Clute Institute Res pons e of RARG to RUSA
Response to Cholesky One S.D. Innovations ± 2 S.E.
